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1.  Introduction 
Grouting is a widely used method for strengthening and 
sealing  rock,  soil  and  concrete.  The  possibilities  for 
sealing structures are of great importance from both an 
economic and environmental point of view. The cost of 
grouting has in certain projects been as high as the cost of 
blasting  and  excavating  the  tunnel.  To  improve  the 
technique for grouting with cement-based material, it is 
necessary to examine the properties of the grout mixture 
used [2]. 
Cement  grouting  is  the  injection  of  specially 
formulated  cement-based  mixes  into  the  ground  to 
improve  its  strength  or  reduce  permeability.  Nicholson 
offers  a  wide  range  of  placement  techniques  for  new, 
remedial  or  redevelopment  applications.  Our  cement 
grouting  technologies  are  increasingly  chosen  for  cost-
effective, permanent solutions. Cement grouting is most 
commonly  performed  by  drilling  holes  into  the 
foundation  to  intercept  open  cracks,  joints,  fissures  or 
cavities,  then  pumping  under  pressure  balanced  and 
stabilized  grout  mixes  using  a  combination  of  cement, 
water, and additives. Work generally begins with a base 
mix  and  is  modified  during  the  grouting  process  with 
subsequent mixes in order to achieve closure by reducing 
permeability to a predetermined value [6]. 
Cement  Grouting,  the  most  common  form  of 
Permeation Grouting, is the injection under pressure of 
pumpable Portland cement based grout into a soil or rock 
formation to fill voids or fractures in the formation.  For 
example, if a large concrete floor slab were tilting to one 
side, a grout pipe could be installed under the low side of 
the  slab  where  the  tilt  was  occurring.  Grout  could  be 
injected under the slab that would act like a "hydraulic 
jack"  that  could  then  raise  the  slab  back  to  its  desired 
angle. 
 
2.  Objectives of the study  
 
The following objectives of this study are: 
1.  To form grouted sand samples. 
2.  To  implement  and  study  cement        grouting 
technique  for  sand.  This  is  mainly  used  for 
ground improvement. 
3.  To  test  the  grouted  samples  to  determine  the 
development  of  unconfined  compression 
strength in different curing time. 
 
 
3.  Significance Of The Study 
 
For this study there are several significances that would 
be  obtained  at  the  end  of  this  study,  firstly  a  grouting 
testing machine to form grouted samples is fabricated and 
can be used for further studies and researches in grouting 
study either for sand or other materials for the purpose of 
improving properties for the chosen study materials. This 
machine  can  form  grouted  samples  with  specified 
dimensions.in  additions  to  that,  this  study  mainly 
achieved  and  studied  the  sand  stabilization  by  cement 
grouting. I believe these   samples can be studied and be 
used as comparative study with other non-sandy soil. 
 
Abstract: This study mainly discussed the grouting technique and the formation of grouted sand samples which is 
used for further study and analysis. However, this study presented the results of experimental investigation carried out 
on grouting in order to study the behavior of sand after grouting. Shear strength of the soil before and after grouting 
was studied for different water cement ratios of grout mixes. It was found that the strength of sand increased after 
injecting the cement. This study also explains on the formation of grouted samples in order to form samples which are 
suitable  for  further  testing.  The  effect  of  cement  grouts  on  the  shear  strength  and  shear  strength  of  sand  were 
investigated. Grouting setup equipment was developed and simulated for the purpose of conducting grouting by 
injecting  cement  grout  into  sand  samples  and  compressive  strength  test  were  also  conducted  on  these  grouted 
samples. This study also discussed the development of grouted sand strength with respect to the water cement ratio. 
The results of the various investigations conclusively proved that grouting can be used as an effective way to improve 
the strength characteristics significantly and can also contribute to the stabilization of sand. 
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4.  LITERATURE REVIEW 
 
 4.1  Introduction and historical studies in 
grouting technique 
Stabilization  of  sand  mainly  refers  to  the  modification  of  its 
engineering  properties.  The  most  versatile  of  all  ground 
improvement methods, grouting has long played a significant 
remedial  role  in  ground  improvement.  Over  the  years,  the 
introduction  of  new  grouting  technologies,  refinement  of 
established  techniques,  and  the  development  of  more 
sophisticated  equipment  have  expanded  that  role  to 
include site improvement for new construction.  
The  construction  of  underground  structures  on 
soft ground often requires the soil to be improved in order 
to  ensure  the  safety  and  the  stability  of  surrounding 
buildings. Grout permeation is an efficient technique for 
reducing  permeability  and  for  increasing  stiffness  and 
strength  of  coarse-to-medium  grained  soils  with  low 
initial mechanical properties [1]. 
Many  researchers  have  already  used  this 
technique in their studies. It is known that this method 
can effectively be applied to granular soils, which allow 
the permeation of grout into their voids. While it may not 
be  easy  to  define  the  exact  range  implied  by  “low-
pressure”,  it  can  be  said  that  the  pressures  that  can  be 
generated by small pumps, that is, pressures less than 1.0 
MPa, can be regarded as low [3]. 
 
4.2  Permeation Grouting 
Permeation Grouting: The core principle of permeation is 
to fill the voids naturally present in the soil with grout, 
without  changing  the  original  soil  structure  and 
volumetric.  This  is  probably  the  oldest  grouting 
technique, the first documented applications dating back 
to the early 1800’s, and also the most experimented and 
researched [2]. 
 
4.3   Jet grouting  
Jet  Grouting:  As  one  of  the  youngest  grouting 
techniques,  jet  grouting  overcomes  the  limitations 
related to the soil grain size distribution, typical of the 
traditional  grouting  techniques.  The  soil  structure  is 
virtually  obliterated  by  high  pressure  -  high  velocity 
jets. Ultimately, the remaining soil is mixed in situ with 
cement based grouts [2].  
 
4.4 Hydro fracturing grouting  
Hydro  fracturing:  This  typically  French  grouting 
application  aims  at  injecting  grout  in  the  ground  at 
relatively  high  pressure,  thus  fracturing  the  ground 
itself  and  creating  lenses  of  grout,  mainly  along 





4.5 Compaction Grouting 
Compaction  Grouting:  High  cohesion  and  rigidity 
grouts,  often  containing  diverse  granulometries  of 
aggregates,  are  injected  to  form  bulbs  around  the 
injection  pipe,  inducing  densification  in  the 
surrounding soil. Compaction grouting is not typically 
used  for  excavation  support;  however,  compensation 
grouting,  a  variant  of  this  grouting  concept,  is 
increasingly  used  for  control  of  tunneling  induced 
settlement.  Remarkable  accomplishments  have  been 
recently  achieved  in  major  tunneling  projects  in 




Fig. 1Types of Grouting techniques for Grouting 
Engineering [2] 
 
4.6 Basic Considerations While Doing 
Permeation Grouting  
 
In  theory,  a  liquid  can  be  pumped  into  any  porous 
formation, provided no pressure or time constraints exist. 
In practice, cement grouting must be placed at pressures 
consistent with good engineering practice and at rates that 
make the use of cement grouts economically feasible. 
 
4.6.1  Effect Of Pumping Pressure On Grout 
Flow 
The greater the pumping pressure, the farther the distance 
for effective pressure dissipation and the longer the time 
for establishment of steady-state flow conditions. During 
the time interval between pressure application and steady-
state  flow,  pumping  pressure  increases  if  the  pumping 
rate is held constant. When pumping at low pressures into 
more  pervious  materials  such  as  coarse  sand  and  fine 
gravel, new equilibrium conditions establish themselves 
quickly [5]. 
 
4.6.2 the flow ability of grout  
The  flowability  of  the  fresh  mixed  cement  grout 
(CG)  has  to  be  considered  in  order  to  provide 
smooth path for the grout to flow. From previous 
studies  it  is  founded  that  the  consistency  and 
strength properties of cement grouts prepared with 
three different sand grading namely 100% passing 
through 1.18 mm sieve (P1.18 mm), 0.90 mm sieve 
(P0.90 mm) and 0.60 mm sieve (P0.60 mm), respectively.  
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4.6.3  Grout Materials 
 
Grout consists of two materials cement and water which 
are mixed together to specified ratio in order to ease the 
flow  of  grout  into  the  sand.  Fluids  with  high  internal 
friction are not optimal for injection, as high pressures are 
required  to  pump  them  over  significant  distances. 
Unstable  grouts  behave  unpredictably,  acting 
alternatively  as  a  Newtonian  fluid  and  then  as  a 
Binghamian fluid with internal friction [4]. 
 
4.6.3.1  Portland Cements 
 
Portland cement (often referred to as OPC, from Ordinary 
Portland Cement) is the most common type of cement in 
general use around the world because it is a basic 
ingredient of concrete, mortar, stucco and most non-
specialty grout. 
 
4.6.3.2  Water Quality  
 
Generally, water suitable for drinking may be regarded as 
suitable  for  use  in  grout.  Ordinarily  the  presence  of 
harmful  impurities  (e.  g.,  alkalis,  organic  and  mineral 
acids,  deleterious  salts,  or  large  quantities  of  silt)  is 
known in local water sources.  
 
4.7  Parameters Of the Study  
 
4.7.1 Water cement ratio 
 
Water cement ratio is an important parameter consider in 
the preparation of the grout mix since it contributes to the 
accessibility of the grout to pass into the sand. 
 
4.7.2 Density of the sand  
 
Density of sand can vary depending on the grain size and 
moisture content and how tightly it is compacted when 
sand is wet, the tests should be performed with medium 
sand corresponding to a dry unit weight of approximate 
ly16 kN/m3. 
 
4.7.3 Shear force of the ungrouted sand  
 
The shear strength of soils is an important aspect in many 
foundation engineering problems such as the bearing 
capacity of shallow foundations and piles, the stability of 
the slopes of dams and embankments, and lateral earth 
pressure on retaining walls [1]. 
 
4.7.4 Unconfined compressive strength  
 
To observe properties of the grout in soil, a set-up should 
be made to hold molds where grout is injected into sand. 
A  drill  press  is  used  to  drill  holes  for  filter  pieces  to 
prevent sand from leaving the mold set-up and draining 
through the tubes. Once the grout is injected into the soil, 
the  grouted  soil  is  then  removed  from  the  set-up  and 
further tested via unconsolidated compression test.  
 
 






































6.  Grouting Instrument Setup 
Instruments have to be set according to the modeling and 
simulation  proposed  in  this  study.  Proper  setup  of  the 
instruments can ease the procedures of experiments and 
collecting data.   
 
Discussion and Conclusion 
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Fig. 4 grouting apparatus early proposed drawing  
Fig. 4 shows the instrument setup which is used to run the 
grouting technique: 
1.  Pressure gauge used to regulate the pressure in 
accordance to the easiness of the grout flow into the 
sand samples. 
2.  Valve to control the grout flow. 
3.  Grout container is used to maintain and keep the 
grout from any external effects  
4.  Pressure chamber used to supply pressure into 
the grout in order to push it toward the opening. 
5.   Mold which contains the sand sample which can 
be opened in order to easily take out the grouted 
samples.  
6.  Excess grout used to keep the excess grout from 
being ousted to mess up the apparatus. 
7.  Side Mold holder to easily and firmly hold the 
mold from moving or tending. 
8.  Top and bottom mold holder used to hold and 
easily open the mold to take out the samples. 




Fig. 5 Top view of the mould (plate) 
 
 
Fig. 6 Side view of the mould   
 
 
Fig. 7 the grouting equipment   
Figure 7shows the equipment which has been designed 
for  the  purpose  of  conducting  this  technique  the 
equipment is ordered from the supplier. 
 
Figure 8 mould for sand sample  
Figure 8 shows the mould which was used to put the 
sand  sample  inside  it  this  mould  is  openable  and 
confined in order to keep the grout from any leakage it 
has two openings bottom used for the flow of the grout 
and top opening used for the flow of excess grout. The 
figure  below  also  shows  the  mould  when  they  are 
installed and they can be easily moved and opened. 
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7.  RESULTS AND ANALYSIS 
 
There are several labs testing which have to be conducted 
to identify and study the grouting technique as well as to 
determine  the  characteristics  and  behaviours  of  sand 
under grouting test. The total mass is 115 g. 
 
7.1 Sieve Analysis Of Sand sample  
Sieve  analysis  is  performed  in  this  study  in  order  to 
provide  specific  grain  size  distribution  so  that  can 
contribute  to  the  easiness  of  discussing  the  engineered 
properties of sand. Sieving can be performed in either wet 
or dry conditions.  
 
7.1.1 Gradation calculation and graph 
The  total  mass  used  was  115.5g  the  sieve 
analysis is calculated in the table 1. 
 
 




Fig. 10 gradation graph of sand   
From Fig 10 the value of D10  = 0.17mm.Uniformity 
coefficient (Cu): This parameter is defined as where D60 
is diameter corresponding to 60% finer. 
From the graph D60 = 1.5mm 
D10= 0.17mm. 
 
      
   
     = (1.5/0.17) =8.82 
Coefficient of gradation (Cc): This parameter is defined 
as 
    
    
       ……. (2) 
 
From fig. 4.1 the correspondent value of D30=0.51 
So that the value of Cc=1.01 
 
  Soil classifications 
The  results  calculated  form  the  graph  and  formula 
shown  that:  The  effective    =0.17mm,  the  value  of 
    =1.5mm,  Coefficient  of  uniformity     =8.82, 
effective     =0.51  and  the  coefficient  of  gradation 
   =1.01  the  soil  is  classified  based  on  the  several 
standards. 
1.  Based on the unified soil classification system 
(USCS) it is shown that the   =8.82 > 4 and the 
  =1.01 is between 1 and 3 so that the type of 
soil is a well-graded clean sand (SW). 
2.  Based  on  American  Association  of  State 
Highway  and  Transportation  Officials 
(AASHTO ) it is found that this soil is under the 
SubgroupA-1-b  includes  those  materials 
consisting predominantly of coarse and with or 
without a well-graded soil binder. 
 
7.2 Direct shear test of non-grouted sand  
Here are the results which appeared after doing the direct 
shear test using automated direct shear apparatus which is 




Fig. 11 direct shear test results  
From Fig. 11 of horizontal deformation vs. shear stress it 
is shown that the shear stress increases gradually for the 
first  test  the  highest  value  of  shear  is  approximately 
22Kpa and the horizontal displacement is 15 mm .and for 
the second test the highest shear stress is about 54kpa and 
the horizontal displacement is the same as test 1 and for 
the 3
rd test the highest shear stress is approximately 93kpa 
and the displacement is about 15mm. 
Using the data in Fig.12 and using the equation (1) 
to determine the normal stress. 
 









10.0  0  0.0  100.0 
6.3  5.5  4.8  95.2 
2.0  25.7  22.3  73.0 
1.00  23.1  20.0  53.0 
0.60  22  19.0  33.9 
0.30  17.3  15.0  19.0 
0.150  12.7  11.0  8.0 
0.063  6.9  6.0  2.0 
pan  2.3  2.0     .  
 
 




Fig. 12 Shear stress vs. normal stress 
7.3 Formation of grouted sand samples  
 
7.3.1 Installation of the instrument  
The  instrument  is  installed  in  RECESS  beside  the 
pressure supplier so that would be easier for using the 




Fig.13 the installation of grouting apparatus  
 
7.3.2 Formation of grouted sand  sample  
 
Fig. 14 cutting grouted samples to smaller size 
(material lab UTHM) 
Fig.14 shows the process of cutting the grouted samples 




Fig. 15 grouted sand samples   
7.4  Unconfined compression test for the 
samples  
The  tests  were  conducted  for the  samples using 
unconfined compression test apparatus in order to 
study  and  investigate  the  development  of 




Figure 16 shows the grouted sand failure 
7.5  The results of Unconfined compression 
tests 
The samples were placed at room temperature and 
set for different curing time. 
 
7.5.1 One day curing time  
 
For the first day the unconfined compression test was 
conducted using soil apparatus since the maximum load 
for  the  equipment  is  only  5  KN  so  that  it  was  only 
suitable  for  one  day  curing  time  the  unconfined 
compression test was conducted to determine the stress 
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Fig. 17 stress vs. strain 
 
Fig.  17  shows  the  stress  vs.  strain  which  explains  the 
behavior  of  the  grouted  sand  under  the  application  of 
axial load till failure. The stress increased up to maximum 
then  decreases  gradually  when  the  strain  increases 
because the crack failure also increased while conducting 
the test. The stress is not quite uniform throughout the 
specimen, and there will always be some location. 
 
7.5.2 Three days curing time  
The unconfined compression test UCT was conducted for 
3 days curing time and the maximum strength for 0.85 
and  0.75  water  cement  ratio.  For  w/c  ratio  0.85  the 
compressive strength is 0.71 MP.  And for 0.75 w/c ratio 






Fig. 18compressive strength vs. w/c ratio for three 






0.85  0.71 
0.75  0.68 
 
Table 2 the result of three day curing time 
 
 Fig.18  show  the  compressive  strength  versus  water 
cement ratio for 3 days curing time it can be analysed that 
when the water cement ratio is high the strength is higher 
but there were difficulties to run the grouting under 0.85 
water cement ratio because the viscosity is high and the 
flow required higher pressure to inject the grout into the 
san The values are summarized in 2.  
 
7.5.3 Five  days curing time  
 
The samples also were tested for five days curing time 
and  the  result  of  unconfined  compression  test  was 




Fig. 19 w/c vs. Compressive strength for five days 
curing time 
 
Fig. 19 shows the compressive strength vs. water cement 
ratio it is illustrated that the strength under w/c ration of 
0.85 is 2.68MPa it means that the strength is higher when 
the w/c ratio is less comparing to the strength in three 







































































w/c ratio   .  
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strength developed when the w/c ratio is 0.75 the strength 
is 2.70 MP. 
 
7.5.4 Seven  days curing time  
The samples also were tested in 7 days curing time the 
results is almost the same with 5 days but the strength is 
developing. 
Fig. 20 shows the result of compressive strength 
in seven days curing time and the analysis is similar with 
5  days  curing  time  with  0.85  water  cement  ratio  the 
strength developed to 3.76 MP. It also shows the result of 
compressive strength in seven days curing time and the 
analysis  is  similar  with  5  days  curing  time  with  0.75 





Fig. 20  w/c ratios vs. compressive strength for 7 
days curing time  
 
7.5.5 14 days curing time  
 
 
Fig. 21 compressive strength vs w/c ratio for 14 days 
curing time  
Fig. 21 shows the result of  compressive strength in 14 
days  curing  time  with  0.85  water  cement  ratio  the 
strength  developed  to  7.121  MP.it  also    shows  the 
compressive  strength  vs.  water  cement  ratio  and  the 
results is similar to 7 days but the strength increased by 
almost double of that values. The value of the strength 
with 0.75 w/c ratio is 7.615 MP. 
 
4.2.1 The  relationship  between  strength 
and curing time for 0.85 and 0.75 w/c ratio 
 
 
Fig. 22 The development of strength vs. w/c ratio in 
different curing time  
Fig.  22  shows  the  development  of  strength  of  grouted 
sand  in  different  curing  time  .it  is  illustrated  that  the 




Fig. 23 the compressive strength vs. curing time 
with respect to w/c ratio 
Fig. 23 shows the development of strength in different 
curing time with 0.75 and 0.85 w/c ratio it is shown 
that the strength is developed higher  when the  water 
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 Fig.24 compressive strength vs. curing time  
 
 
8.  CONCLUSION  
 
In  conclusion,  cement  grouting  is  an  easy  and  cheap 
technique for ground improvement and soil stabilization. 
Grouting is commonly used to strengthen soil formation, 
either temporarily during construction or permanently for 
increased  strength  and  loading  bearing  capacity  .care 
must be taken to control the permeation and injection rate 
and resulting pressure in order to avoid any disturbance 
during  the  running  of  experiments  .Forming  cement 
grouted samples has to be done consistently in order to 
provide chances for further studies of sample.  
There are several conclusions to be discussed on the 
pervious study: 
 
I.  Grouting technique  
This technique is very important to be explored for the 
purpose of stabilizing sand without excavating the site it 
is only matter of injecting cement with some chemicals to 
provide very strong layers with less cost and damages to 
the surrounding areas .this technique has contributed to 
the solutions of many geotechnical problems encountered 
with soft soil and peat as well. 
 
II.  Equipment setup 
The  equipment  used  for  grouting  technique  has  to  be 
calibrated  and  monitored  in  order  to  provide  smooth 
running and prevent any shortcomings while injecting the 
grout.  Controlling  the  pressure  is  a  major  concern  in 
grouting technique. 
III.  Grout materials  
Grout  materials  have  to  be  selected  appropriately  to 
minimize the cost needed to precede this technique and 
provide better results outcome. 
IV.  Grain size distribution  
The grain size has to be tested to know the gradation of 
the  sand  which  has  to  be  grouted  in  Fig.10  shows  the 
gradation of sand samples in this study the size was taken 
from (1-1.18) mm so that it is medium course.  
V.  Pre grouting test  
The  were  some  tests  conducted  in  this  study  the  sieve 
analysis  and  direct  shear  test  in  order  to  know  the 
difference between the strength before and after grouting 
in  figure  4.3  the  shear  stress  results  is  shown  and 
discussed  
VI.  Installation of grouting equipment  
The installation of the equipment was in RECESS lab and 
it was located beside a pressure supplier so that it was 
easy to use and run the test. 
VII.  Grouted samples 
The  first  objective  of  this  study  is  achieved  and  the 
grouted samples have been formed for further study. 
VIII.  Testing the grouted samples 
The samples were tested using unconfined compression 
test  for  different  curing  time  it  is  shown  in  Fi  4.7  the 
stress  vs.  strain  graph  this  figure  provides  a  better 
comprehension  of  the  behaviour  of  grouted  sample  for 
one day. 
In  figure  4.13  shows  the  development  of  strength  with 
respect to curing time and different water cement ratio  
Water  cement  ratio  play  an  important  role  in  the 
improvement  of  the  strength  because  the  material  was 
used is composite cement. 
IX.  Stabilization of sand 
Last but not least the stabilization of sand using grouting 
was  achieved  because  the  results  in  the  figures  above 
show the improvement of sand strength. 
 
9.  Recommendations  
There are still some developments have to be studied to 
improve  the  technique  of  grouting.  And  the  grouting 
materials have to be discovered and alternate with other 
materials like fly ash and biomass which are cheap and 
can  help  to  reduce  the  environmental  pollutions.  There 
are  many  researches  done  on  stabilization  of  sand  and 
there are some misconceptions and discoveries have been 
extended because there is still not much research done on 
it in Malaysia. The effort to bring an increase in studies 
done  on  sand  soil  is  still  in  its  infancy.  However, 
Research Centre for Soft Soil (RECESS) can be set as an 
example to all other research centers and it is also one 
that  should  be  proud  of.  In  this  research,  it  is  always 
better that further studies are needed in certain areas. The 
value from the preloaded test samples is reflective if the 
degree of softness is the same as the undisturbed samples 
taken. To do this, lower preloading pressure  should be 
used to obtain the similar moisture content and density as 
















































ratio .  
 
 
  10 
ACKNOWLEDGEMENT 
 
Alhamdulillah thanks to the almighty Allah for his great 
guidance  and  help;  I  finally  managed  to  complete  the 
final thesis of final  year project to obtain  my bachelor 
degree  in  civil  engineering.  Foremost,  I  would  like  to 
express  my  sincere  gratitude  to  my  supervisorsP.M 
Kemas  Ahmed  and  Prof.  Dato  Dr.  Hj.  Ismail  Bin  Hj. 
Bakar  for  their  enthusiastic  guidance,  invaluable  help, 
and  encouragementin  all  aspects  of  this  project.   Their 
numerous  comments,  criticisms  andsuggestions  during 
the  preparation  of  this  project  are  gratefully 
acknowledged.  His patience and availability for any help 







[1]  Braja M.Das (1983and2002)”soil mechanic 
laboratory manual “pages (152-165). 
[2]  CIRIA(2000).”Grouting for engineering 
“.CRIRIA press London  pages (17-22). 
[3]  Chang  et.al  (2005).  Treatment  of  liquefiable 
soils through low-pressure grouting: Field observations 
and  testing.  Proceeding  of  international  conference  on 
problematic soils, 967-974. 
[4]  Gause, C.C. and D.A. Bruce. (1997). “Control of 
Fluid Properties of Particulate Grouts: Part 1 – General 
Concepts.” Grouting –Compaction,Remediation,” pages 
(56-173). 
[5]  Karol, R. H. 2006. “Chemical Grouting and Soil 
Stabilization”  
[6]  Lim,David May 01, 2009(Grouting for Ground 
Improvement & Water Control).Journal paper, pages (3-
9). 
 